Background & Aims: The prevalence of obesity continues to rise in both developed and developing nations. An association between iron status and obesity has been described in children and adults. We aimed to study the relation between serum hepcidin level and both iron as well as high sensitive CRP status in obese adolescents.
Introduction
Obesity is increasing rapidly all over the world not only in adults but also among children.
(1) The World Health Organization (WHO) described obesity as a chronic disease and one of the most important public health threats. This is because of the relationships between obesity and chronic conditions later, for example, hypertension and cardiac and metabolic diseases. Iron deficiency anemia (IDA) is the main micronutrient deficiency that may affect adolescent. It is one of the most universally prevalent diseases in the world today particularly developing countries and it is a major public health. Iron deficiency has been considered an important risk factor for ill health and is estimated to affect 2 billion people worldwide. Adipose tissue is now recognized as an endocrine organ thatcan contribute to the inflammatory process by secreting proinflammatory cytokines, also named adipokines, and the resulted inflammatorystate may have an important pathogenic role in some obesity-relatedco morbidities. The identification of hepcidin, a 25-aminoacid peptide producedprevalently in the liver, opened a new era in understandingiron metabolism.
(5) Hepcidin represents the main regulatorof intestinal iron absorption and macrophage iron release and,thus, ultimately of the iron available for erythropoiesis. (6) Hepcidin is alsoknown to be increased in humans in generalized inflammatorydisorders, causing anemia of chronic diseases. Evidence, in fact, has been provided for a tight direct correlation betweenhepcidin expression and some cytokines such as IL-6 and Creactiveprotein that are increased in obesity.
(8) (9) To strengthen thepossible link between the poor iron status of obesity and hepcidin, there is the interesting observation that hepcidin is expressed not only in the liver but also in adipose tissue and that m RNAexpression is increased in adipose tissue of obese patients. (10) This study aimed tostudy the relation between serum hepcidin level and iron status in obese adolescents. It also aimed to study its relation with the inflammatory state as indicated by hs-CRP.
Materials & Methods

Study design and subjects:
This is a case-control study. Iron status as well ashaemoglobin, high sensitive C-reactive protein (hs -CRP), hepcidin, levels have been measured in 2 groups of 40 obesechildren who have attended the nutrition clinic at the National Research Center andin 40 sex-and age-matched lean controls who consulted the pediatric clinic in the National Research centre for minor complaints.
Anthropometric measures:
Weight and height of all the subjects involved in the researchwere measured, and BMI was calculated as weight in kilograms divided by the square of height in meters (wt (kg)/Ht (m 2 )).BMI exceeding the 95th percentile was used for obesity diagnosis.Controls had BMI below the 85th percentile. (11) Pubertalstatus was evaluated according to the criteria ofTanner. (12) Blood sampling& serum preparation: Blood samples were obtained by aseptic technique using vein puncture. About 5 cc venous blood were withdrawn from each child after overnight fasting (about 8 hrs) and divided into 2 parts. The first part was about 1 cc whole blood was collected on EDTA plastic tubes serving as anticoagulant (Ethylenediamine-tetra-acetic acid) for Haemoglobin (HB) assay. Samples for haemoglobin were subjected for immediate assay (within 6 hrs). The second part was collected in plain plastic clean tubes without additives for serum iron, total iron binding capacity (TIBC) serum ferritin, soluble serum transferrin receptor (sTfR), high sensitive C-reactive protein (hs-CRP) and serum hepcidin. It was kept at room temperature for 2 hours, where it was allowed to clot, after which they were centrifuged and the serum was separated and kept in plastic Eppendorf tubes then frozen at -20 o C till the time of assay.
Blood samples for haemoglobin, serum iron, total iron binding capacity (TIBC) serum ferritin, soluble serum transferrin receptor (sTfR), high sensitive C-reactive protein (hs-CRP) and serum hepcidin (HB) were obtained after overnight fasting (about 8 hrs). Anaemia in school children was defined according to WHO standards, as Hb< 11.5 g/dl and severe anaemia as < 7.0 g/dl. (13) Measurement of serum iron, total iron binding capacity (TIBC), transferrin saturation,serum ferritin, soluble serum transferrin receptor (sTfR), high sensitive CRP (hs -CRP) and serum hepcidin:
Iron status has been assessed by serum iron, (14) transferrin, andferritin concentrations. (15) Transferrin saturation has been calculated.Transferrin saturation was calculated by finding the molar ratioof serum iron and twice the serum transferrin (because eachtransferrin molecule can bind two atoms of iron) using the formula: transferrin saturation = [serum iron (micrograms per deciliter)/transferrin(milligrams per deciliter)] x 71.2. (16) High sensitive CRP (hs-CRP) values were classified by American Heart Association (AHA) standards for risk for cardiovascular disease: Low (<1 mg/L), Intermediate (1-3 mg/L), or High (>3 mg/L). (17) Serum hepcidin was measured, reference value for this age group of children0.312 -20ng/ml. 
Statistical Analysis:
Data analysis was done using SPSS version 16. Simple statistics and bivariate analysis were used. For comparing between two means, Student t-test of significance was done while one way analysis of variance was used to compare between more than two means. The Chi-square test of significance was used to compare frequency between two categorical variables. Correlation analysis using Pearson test was performed between different quantitative variables. In case of P value less than 0.05 the difference between two observations is considered statistically significant. Odds ratio was used to measure the magnitude of the risk factors related to obesity.
Results
1.Comparison between obese cases and controls as regards anthropometric data:
The present study included 40 adolescents suffering from simple obesity (21 females and 19 males) their ages range from 12-14 years old, mean BMI was 33kg/m² with BMI SDS ±3.1 presented to the Nutrition clinic at the National Research Center, they were selected according to BMI equal to or exceeding the 95 th percentile for age and sex and 40 nonobese age and sex matched adolescents attending the pediatric clinic in the National Research Centre for minor complaints were taken as the control group, their BMI were 5 th -84 th percentile for age and sex using the Egyptian Growth Charts. (11) A highly statistically significant increased weight, BMI, waist circumference, hip circumference and waist to hip ratio were found in cases when compared to control group (Table 1) . 99.4 ± 10.6 58.9 ± 1.5 0.001** Hip circumference (cm) 60.1 ± 5.8 44.7 ± 1.2 0.001** Waist:hip(cm)
1.7 ± 0.2 1.3 ± 0.0 0.001** Data are expressed as mean ± SD 't'= t test ** HS= P<0.01= highly significant. P> 0.05= not significant.
Comparison between obese cases and controls as regards serum hepcidin level and hs-CRP:
Results of the present study showed that obese adolescents when compared to the control group had highly statistically significant increased mean hs-CRP 9.3±4.3 vs 3.3±2.4 (g/dl) as well as significant increased mean serum hepcidin 3.1±3.6 vs 1.4±1.0 (ng/ml) ( Table 2 ) . Hepcidin(ng/ml) 3.1 ± 3.6 1.4 ± 1.0 -2.766 0.008** HS Hs-CRP (g/dl) 9.3 ± 4.3 3.3 ± 2.4 -7.887 0.001** HS Data are expressed as mean ± SD. 't'= t test ** HS= P<0.01= highly significant. hs-CRP = high sensitive c reactive protein
Correlations between serum hepcidin level and BM, hs-CRP, serum iron in obese adolescents:
A direct correlation between serum hepcidin and both BMI(r= 0.550; P= 0.001) was observed ( Fig.1) as well as hs-CRP (r= 0.313; p= 0.049) (Fig. 2) where as a statistically significant negative correlation between serum hepcidin and serum iron(r= -0.332; P= 0.037) were observed among obese adolescents (Fig 3) . Obesity in children is a complex disorder. Its prevalence has increased so significantly in recent years that many consider it a major health concern of the developed world. In addition, obesity is now considered a lowgrade inflammatory disease since adipose tissue in obese individuals secretes a variety of pro inflammatory cytokines including tumor necrosis factor alpha, interleukin-6 and hs-CRP.
(18) In this regard, the present study showed that obese adolescents had highly statistically significant increase in the mean level of hs-CRP, as compared to their control counterpart.This result is in agreement with that obtained by Richardson et al.
(19) The previous authors postulated that early obesity is associated with different grades of inflammation.
Iron deficiency has been considered an important risk factor for ill health.
(3) The most prevalent and preventable form of microcytic anaemia is iron deficiency anaemia which is the most common nutritional deficiency worldwide. Also, it had been reported that obese children were considered a high-risk group for iron deficiency (ID) from a public health perspective. The results of our study showed a significant feature of iron deficiency anemia among obese subjects as compared to the control adolescence. (20) Hepcidin, a circulating antimicrobial peptide hormone synthesized in the liver, is the principal regulator of systemic iron homeostasis. Hepcidin controls plasma iron concentration and tissue distribution of iron by inhibiting intestinal iron absorption, iron recycling by macrophages, and iron mobilization from hepatic stores.
(21) The present study revealed a significant increase in the plasma level of hepcidin in obese adolescence as compared to their controlcounterparts. Our result is in agreement with the results that obtained by, Bekri et al., (10) Richardson et al., (19) Sanad Mohammed et al., (22 ) and Aeberli et al. (23) In this regard, Bekri et al., (10) postulated that hepcidin RNA expression as well as its protein levels were increased in adipose tissue ofobese patients. In vitro, it had been reported that serum Hepcidin levels, IL-6, serum ferritin and plasma leptin were significantly high in obese group; also there was significant decrease in serum iron, TIBC and transferrin saturation (TS)% in obese group compared with the non-obese group. Also a direct correlation between Hepcidin, and Leptin and IL-6 was observed. Furthermore, there were significant inverse correlations between serum hepcidin and serum iron and TS% and between ferritin and TS%. (24) It has been reported that higher level of hepcidin in overweight children may be due to obesity-related inflammation, evidenced by three inflammatory markers, CRP, IL-6 and leptin which were increased in the overweight children.
(23) Indeed, the results of the present study showed a significant increase in the mean plasma levels of hs-CRP as compared to its levels in non-obese adolescence.The latter observation mayconfirma state of systemic inflammation in our obese adolescents.
The present study showed a high statistically significant positive correlation between hepcidin and BMI(r= 0.550 P= <0.001) in obese adolescents. Similarly, Aeberli et al., (23) and Del Giudice et al., (25) found a direct correlation between serum hepcidin and BMI. Also, the present study showed a statistically significant positive correlation between serum hepcidin and hs-CRP (r= 0.313; P= 0.049) and a statistically significant negative correlation between serum hepcidin and serum iron (r= -0.332; P= 0.037) in obese group. Our results are in agreement with Del Giudice et al., (25) who reported a significant inverse correlation between serumhepcidin and serum iron.
Conclusion
It can be concluded that iron deficiency in obese adolescents could be the result of disrupted iron metabolism due to hepcidinmediated reduced iron absorption and/or an increased iron sequestration. 
Recommendations
